Relationship between urinary nephrin and urinary albumin changes in diabetic rats and effects of Yiqiyangyinhuayutongluo Recipe  by LI, Li-li et al.
JTCM |www. journaltcm. com June 15, 2012 |volume 32 | Issue 2 |
Online Submissions:http://www.journaltcm.com J Tradit Chin Med 2012 June 15; 32(2): 278-282
info@journaltcm.com ISSN 0255-2922
© 2012 JTCM. All rights reserved.
Basic Investigation
Relationship between urinary nephrin and urinary albumin chang-
es in diabetic rats and effects of Yiqiyangyinhuayutongluo Recipe
LI Li-li李黎莉, CHEN Zhi-qiang陈志强, WANG Yue-hua王月华, ZHANG Jiang-hua张江华,YIN Zhi-wei尹智炜,
LI Lin-lin李林林, ZHANG Xue-yun张雪云, WANG Feng-li王凤丽
aa
LI Li-li, CHEN Zhi-qiang, ZHANG Jian-ghua, YIN Zhi-wei,
LI Lin-lin, ZHANG Xue-yun,WANG Feng-li, Institute of Inte-
gration of Traditional Chinese Medicine-Western Medicine,
Hebei Medical University, Shijiazhuang 050017, China
WANG Yue-hua, Traditional Chinese Medicine Hospital of
Hebei Province, Shijiazhuang 050017, China
Supported by the Natural Science Foundation of Hebei
(No. C2008001074)
Correspondence to: Prof. CHEN Zhi-qiang, Institute of In-
tegration of TCM-WM, Hebei Medical University, Shijia-
zhuang 050017, China. chenzhqiang@tom.com
Telephone: +86-311-85990281
Accepted: Janurary 10, 2012
Abstract
OBJECTIVE: To investigate the dynamic changes of
urinary nephrin, and the relationship between it
and urinary albumin excretion rate (UAER) in a dia-
betic rat model, as well the effects of yiqiyangyin-
huayutongluo recipe.
METHODS: Diabetic model was induced by high
fat diet combined with low-dose Streptozotocin
(STZ) in rats. Normal group (NG), model group
(MG), and yiqiyangyinhuayutongluo recipe treated
group (YHTG) were set. Gastrointestinal Yiqiyangyi-
nhuayutongluo recipe was administered once daily
for 32 w. At the end of the 2nd w (2w), 8w, 16w, and
32w, fasting blood glucose (FBG), UAER and 24h uri-
nary nephrin (U-nephrin) were detected.
RESULTS: Compared with NG, FBG in MG increased
notably (P<0.05). Compared with MG, FBG of YHTG
reduced slowly, and the difference was significant
(P<0.05) since 16w. U-nephrin and UAER in MG in-
creased significantly from 2w, peaked at 16w, less-
ened in different degree at 32w, but were still high-
er than NG. The correlation analysis showed that
there was a significant positive correlation be-
tween U-nephrin and UAER at different time, the
correlation coefficient as r>0.9, and P<0.05. Com-
pared with MG, U-nephrin and UAER in YHTG de-
creased markedly (P<0.05) except for U-nephrin at
8w.
CONCLUSIONS: U-nephrin and UAER in diabetic
rat model have a positive linear correlation. Yiqiyan-
gyinhuayutongluo recipe can reduce UAER marked-
ly, and preventing the lose of nephrin in urine may-
be one of the mechanisms.
© 2012 JTCM. All rights reserved.
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INTRODUCTION
Proteinuria, especially microalbuminuria, as one of
main manifestation of diabetic nephropathy (DN), is
not only a vital marker for early diagnosis of DN[1], but
also a harmful factor to kidney. The occurrence of pro-
teinuria is closely related with dysfunction of glomeru-
lar filtration barrier, while nephrin protein-glomerular
podocyte slit diaphragm associated protein plays an im-
portant role to maintain normal function of glomeru-
lar filtration barrier[2].It has been reported[3,4] that neph-
rin was closely related with urinary protein, and it was
found in urine of patients and animals with DN. How-
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ever, the reports on the dynamic changes of urinary
nephrin in DN and its relationship with urinary albu-
min are few. The aim of the present study was to ob-
serve the dynamic changes of the urinary nephrin
(U-nephrin) on a diabetic model that was induced by
high fat diet combined with low dose streptozotocin
(STZ) intraperitoneal injection in rats, and to analysis
the correlation of U-nephrin with urinary albumin ex-
cretion rate (UAER); also to probe the effects of a clini-
cal proved recipe[5,6], yiqiyangyinhuayutongluo recipe,
on U- nephrin in experimental DN rats.
MATERIALS ANDMETHODS
Animals, materials and equipments
Thirty-two healthy male Sprague-Dawley rats, weight-
ed 120g-150g, were provided by the Laboratory Ani-
mal Center of Hebei Province (Shijiazhuang, China,
certificate number:1008095). The providers of re-
agents, materials and instruments are as follows: Strep-
tozotocin, STZ (S0130), Sigma-Aldrich Corporation,
(St. Louis, MO, U.S.A).; Rat ALB ELISA KIT
(E02A0028) and Rat NPHN ELISA KIT
(E02N0079), Shanghai BlueGene Biotech Co., Ltd.
(Shanghai, China); VERSAmax ELISA Microplate
Reader, (Molecular Devices, Inc. Sunnycale, CA, U.S.
A.);Accu-Chek Active rapid blood glucose meter and
glucose test strips, (F. Hoffmann-La Roche Ltd., Penz-
berg, Germany;Decoction-free traditional Chinese
medicine (TCM) herbal granules (Table 1) included
Huang Qi (Radix Astragali), Di Huang (Radix Rehm-
anniae), Huang Jing (Rhizoma Polygonati), Chuan
Xiong (Rhizoma Chuanxiong), Dan Shen (Radix Salvi-
ae Miltiorrhizae), Di Long (Pheretima), Shui Zhi (Hi-
rudo), and Quan Xie (Scorpio), were donated by
Guangdong Yifang Pharmaceutical Co., Ltd.
(Fuoshan, China); High fat diet rat chow (protein
18.6%, fat 22.3%, carbohydrate 44.4%, water 10%, as
well as minerals and vitamins), the Laboratory Animal
Center of Hebei (Shijiazhuang, China).
Table 1 Information of decoction- free TCM herbal granules used in the study
Huang Qi (Radix Astragali)
Di Huang (Radix Rehmanniae),
Huang Jing (Rhizoma Polygonati)
Chuan Xiong (Rhizoma Chuanxiong)
Dan Shen (Radix Salviae Miltiorrhizae)
Di Long (Pheretima)
Shui Zhi (Hirudo)
Quan Xie (Scorpio)
Lot Number
1010112
1008093
0905188
1009086
1010056
1008068
1003119
1008039
Packing size
2g/package
2g/package
3g/package
1.3g/package
1.8g/package
1.0g/package
1.5g/ package
1.0g/ package
Crude drugs equivalent to
10g
10g
15g
6g
10g
10g
3g
3g
Methods
Modeling: After adaptive feeding for 1 w, rats were ran-
domly divided into normal control group (NG, n=10)
and high fat diet (HFD) group (n=22) according to
body weight (BW). Rats in NG fed with standard rat
chow. Other rats fed with HFD[7] for 44 consecutive
weeks. All rats were free access to food and water. After
HFD fed for 12 w, rats in HFD group were intraperito-
neal injected with STZ 30 mg/kg[8] (diluted with 0.1M
pH4.4 sodium citrate solution to 1.5%), and the injec-
tion must be finished within 30 min. Meanwhile rats
in NG were injected corresponding volume of sodium
citrate solution. Seventy-two hours later, the diabetic
rats were identified by testing the level of the fasting
blood glucose (FBG) with sample from their tail veins.
It was considered as a successful model if the FBG level
in the rat was higher than 16.7 mmol/L. One rat died
within 72 h after given STZ, and another rat was reject-
ed because of FBG<16.7 mmol/L.
Grouping and administration: The successful modeling
rats were randomly divided into model group (MG)
and yiqiyangyinhuayutongluo recipe treated group
(YHTG), 10 rats in each group respectively. Yiqiyangyi-
nhuayutongluo recipe consisted each two packages of
herbal granules of Huang Qi (Radix Astragali), Di
Huang (Radix Rehmanniae), Chuan Xiong (Rhizoma
Chuanxiong), Dan Shen (Radix Salviae Miltiorrhizae),
as well as each one package of Huang Jing (Rhi-
zoma Polygonati), Di Long (Pheretima), Shui Zhi (Hi-
rudo), and Quan Xie (Scorpio), and it was intragastri-
cally administrated to YHTG once daily at a dose of
0.8 g/kg (the dose was converted according to body
type coefficient of rat to human[9].) for 32 consecutive
weeks. Sterile water of corresponding volume was intra-
gastrically administrated daily to the rats in both NG
and MG. During the study, no other intervene was giv-
en. FBG was measured once a week. In MG, one rat
was rejected because of spontaneous remission of his
blood glucose at the 14th week. While in YHTG, one
rat died at the 15th week.
Sampling: At the end of the 2nd w, 8th w, 16th w, and
the 32nd w, the urine of the rats were collected with
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metabolic cages for 24 h. The volume of urine was
measured, and then the samples were centrifuged at a
speed of 3,500 rpm for 10 min. Supernatant was col-
lected and stored at -20℃.
Detection of FBG: Rats were fasted at least 12 h, but
free access to water. FBG was measured by rapid blood
glucose meter with samples from tail vein.
Detection of nephrin and albumin: Nephrin and albu-
min levels in urine of the rats were detected by en-
zyme-linked immuno sorbent assay (ELISA) method
using VERSAmax automatic spectrophotometer follow-
ing the manufacturer's instruction by the same opera-
tor. U-nephrin and UAER were then calculated.
Statistical methods[10]
All data were expressed as ( xˉ ±s). The data were ana-
lyzed using Statistics Product and Service Solutions
(SPSS) 16.0 for Windows. Repeated measures and mul-
tivariate analysis of variance (ANOVA) process of the
general linear model was used to identify comparison
among different groups and different measure time
pairwise. Correlativity of UAER and U-nephrin in
model group covariates was analyzed with linear corre-
lation. A level of P<0.05 was considered statistically sig-
nificant.
RESULTS
FBG of each group at different measure time (Table
2, Figure 1)
Compared with NG, FBG of the rats in MG increased
markedly (P<0.05), and it showed a gradually rising
trend. Compared with MG, FBG of the rats in YHTG
decreased to different extent, but, the difference was
not significant until the 16th w (P<0.05).
UAER in each group at different measure time
(Table 3, Figure 2)
From the 2nd w to 32nd w, compared with NG,
UAER of the rat in MG increased markedly, and
reached to its maximum at the 16th w (P<0.05). Com-
pared with MG, UAER of rats in YHTG decreased sig-
nificantly at different measure time (P<0.05).
U-nephrin of each group at different measure time
(Table 4, Figure 3)
Compared with NG, U-nephrin of the rats in MG
increased markedly (P<0.05) at different measure
time, and reached to its maximum at the 16th w. At
the 32nd w, although it was less than its peak, it was
still much higher than that in NG. Compared with
MG, U-nephrin of the rats in YHTG decreased sig-
nificantly at different measure time (P<0.05) except
for the 8th w.
Analysis on correlation between UAER and
U-nephrin in MG (Table 5)
The results from analysis showed that at different mea-
sure time, the correlation coefficient as r>0.9, and P<
0.05.
Figure 1 FBG change tendency in each group
Figure 2 UAER tendency in each group
Figure 3 U-nephrin tendency in each group
Table 2 Comparisons of FBG (mmol/L) among all groups at different measure time ( xˉ ±s)
NG
MG
YHTG
F
P
N
10
9
9
2 w
5.42±3.40△
21.08±1.20*
20.04±1.20*
378.714
0.000
8 w
5.18±0.24△
24.06±4.47*
21.66±4.59*
38.508
0.000
16 w
5.46±0.13△
24.92±3.19*
20.96±4.75*△
113.220
0.000
32 w
5.51±0.33△
29.86±2.93*
25.52±2.02*△
248.906
0.000
Note: NG=normal group; MG=model group; YHTG=yiqiyangyinhuayutongluo recipe treated group. * vs. NG P<0.05;△ vs. MG
P<0.05.
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Table 3 Comparison of UAER (μg/24 h) among all groups at different measure time ( xˉ ±s)
NG
MG
YHTG
F
P
N
10
9
9
2w
2.13±0.80△
67.00±1.18*
44.74±0.65*△
23.099
0.000
8w
2.49±0.76△
95.14±3.08*
54.00±0.85*△
13.668
0.000
16w
2.21±0.92△
97.83±0.84*
74.31±1.36*△
81.993
0.000
32w
2.04±0.68△
93.80±7.00*
61.51±2.54*△
11.661
0.000
Note: *: vs NG P<0.05; △:vs MG P<0.05.
Table 4 Comparison of U-nephrin (μg/24h) among all groups at different measure time ( xˉ ±s)
NG
MG
YHTG
F
P
N
10
9
9
2w
0.043±0.009△
3.839±0.119*
1.089±0.018*△
21.564
0.000
8w
0.048±0.001△
6.619±0.242*
4.662±0.151*
10.491
0.000
16w
0.046±0.007△
8.314±0.614*
1.537±0.106*△
5.185
0.005
32w
0.056±0.003△
4.357±0.145*
1.899±0.108*△
11.341
0.000
Note: *: vs NG P<0.05; △: vs MG P<0.05.
Table 5 Analysis on correlation between U-AER and U-neph-
rin in MG at different measure time
r
p
2w
0.964
0.008
8w
0.961
0.009
16w
0.993
0.001
32w
0.941
0.017
DISCUSSION
Nephrin is the product of gene NPHS1, which is a
pathogenic gene of congenital nephrotic syndrome of
the Finnish type[11]. Nephrin was cloned first by Tryg-
gvason et al. and then named[11]. The nephrin protein is
specifically expressed at glomerular slit diaphragm, and
plays a key role on the development of glomerular fil-
tration barrier as well its function. Since NPHS1 is mu-
tated,nephrin can not express at slit diaphragm of
podocytes, resulting in heavy proteinuria[2].Doublier et
al2 thought that nephrin acted a key function on main-
tenance the integrity of glomerular filtration barrier.
Their study showed that nephrin in kidney biopsies of
patients with DN was reduced significantly, but it was
found increasing in urine of those patients. Aaltonen et
al.[3] reported that the expression of nephrin in experi-
mental DN rats was also reduced. Nephrin protein was
detected in urine of STZ-induced diabetic model rats
at the 4th week after modeling by western blotting, but
it was undetectable in normal rats. In other words,
nephrin protein was in urine not only in DN patients
but also diabetic animals. In the present study, based
on the related references[12-14], a rat DM model was es-
tablished by high fat diet combined with low dosage of
STZ intraperitoneal injection. U-nephrin was detected
quantitatively with enzyme linked immunosorbent as-
say (ELISA) which sensitivity is 0.1 ng/mL. It was
found that U-nephrin increased markedly in the model
group since the 2nd w of the modeling, but few was
seen in the normal group. At the same time, UAER
was much higher. The results of analysis on correlation
showed that at each measure time, U-nephrin and
UAER had a positive correlation, which suggests that
the initiation of albuminuria in DN has a close rela-
tion with nephrin lost in urine.
The pathogenesis of DN is complicated, and is still un-
certain. But, the role of glomerular podocytopathy in
pathogenesis of DN has been widely accepted[15]. Meta-
bolic and hemodynamic factors are thought to be trig-
ger factors to make podocytes injured in DN. High glu-
cose in diabetes can down-regulated the expression of
nephrin, resulting in abnormal podocytes. The reduced
nephrin will induce the damage of glomerular filtra-
tion function, and then, proteinuria occurs. On the
other hand, proteinuria will worsen the damage of
podocyte, and vicious cycle emerges. Therefore, to post-
pone the initiation and development of proteinuria can
play an important role in the treatment of DN. To re-
duce proteinuria can be considered as the target of the
treatment of DN[16].
Many TCM specialists recognized and treated DN
based on collateral disease theory, for example, Wu
YL[17] deemed that deficiency of both Qi and yin was
the foundation of DN, phlegm and stasis blocking col-
laterals was the major pathological factor, and masses
developed from obstruction of collaterals was the main
pathological change, while Dai JZ et al.[18]considered
the essence of DN was phlegm and heat cohered sta-
sis , so Tong XL et al.[19] claimed to treat DN with pro-
moting the circulation of blood and dredging collater-
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als actively. Combined clinical experiences with recog-
nition of TCM specialists, we raised that DM devel-
oped into DN, deficiency of Qi and yin was fundamen-
tal pathogenesis and stagnant blood obstructing collat-
erals was throughout the disorder. For this opinion,
we organized yiqiyangyinhuayutongluo recipe as a ba-
sic recipe to treat DN. Among the recipe, Huang Qi
(Radix Astragali), Di Huang (Radix Rehmanniae) and
Huang Jing (Rhizoma Polygonati) can supplement Qi
and nourish yin, Chuan Xiong (Rhizoma Chuanxiong)
and Dan Shen (Radix Salviae Miltiorrhizae) may pro-
mot the circulation of blood, Di Long (Pheretima),
Shui Zhi (Hirudo) and Quan Xie (Scorpio) are able to
dredge collaterals. In present study, yiqiyangyinhuayu-
tongluo recipe reduced UAER and U-nephrin early
and dramatically in experimental diabetic rats, but
rats′ FBG decreased slowly. It indicated that the recipe
reduced UAER does not rely on decreasing FBG com-
pletely, preventing nephrin from lost in urine maybe
one of its approaches. The mechanism need to be fur-
ther studied.
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